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%HVLGHV H[SHULPHQWDO VWXGLHV QXPHULFDO PHWKRGV DUH H[SORLWHG WR GHVFULEH WKLV SK\VLFDO HYHQW *HQHUDOO\
QXPHULFDO DQDO\VHV FDQ EH FDWHJRUL]HG LQWR GHFRXSOHG DQG FRXSOHG DQDO\VHV 7KH GHFRXSOHG DQDO\VLV FDOFXODWHV
H[SORVLYH ORDGV DV LI WKH VWUXFWXUH ZDV ULJLG DQG WKHQ DSSOLHV WKHVH ORDGV WR WKH IDLOXUH PRGHO RI WKH VWUXFWXUH
([DPSOHV DUH 6RQJ - + >@ *DWR & >@ DQG /LX 6 - >@ 7KH VKRUWFRPLQJ RI WKLV DQDO\VLV LV WKH FDOFXODWHG
H[SORVLYHORDGVDUHRIWHQRYHUSUHGLFWHGHVSHFLDOO\LIVLJQLILFDQWPRWLRQRUIDLOXUHRIWKHVWUXFWXUHRFFXUVGXULQJWKH
ORDGLQJ SHULRG >@>@ ,Q D FRXSOHG DQDO\VLV WKH H[SORVLRQ SURFHVV LV VLPXODWHG VLPXOWDQHRXVO\ ZLWK VWUXFWXUDO
IUDFWXUH %\ FRQVLGHULQJ WKH LQWHUDFWLRQ EHWZHHQ EODVW ZDYH DQG VWUXFWXUH WKH IUDFWXUH GXH WR H[SORVLRQ FDQ EH
SUHGLFWHGPRUHDFFXUDWHO\+RZHYHUEHFDXVHRIODUJHGHIRUPDWLRQVORFDOWRSRORJ\FKDQJHVDQGFRPSOLFDWHGFRQWDFW
DOJRULWKPV FRXSOHG DQDO\VLV RI H[SORVLRQGULYHQ IUDFWXUH LV D FKDOOHQJLQJ WDVN DQG WKH UHODWHG OLWHUDWXUH LV TXLWH
OLPLWHG &LUDN ) HWF >@ GHYHORSHG D OHYHOVHWEDVHG IOXLGVWUXFWXUH FRXSOLQJ DSSURDFK ZKLFK ZDV VXFFHVVIXOO\
DSSOLHG LQ WKHVLPXODWLRQRI WKHIUDFWXUHRIDOXPLQXPWXEHGXHWRJDVHRXVGHWRQDWLRQ%XW WKHDSSURDFK LVPDLQO\
DSSOLFDEOHWRWKLQVWUXFWXUHV
$GGLWLRQDOO\IHZVWXGLHVLQYROYHWKHFRPSDULVRQVRIVL]HDQGVKDSHRIIUDFWXUHREWDLQHGE\DERYHWZRW\SHVRI
DQDO\VHV$OVR WKHDFFXUDWHSUHGLFWLRQRI H[SORVLRQGULYHQ IUDFWXUHQHHGVDJRRGNQRZOHGJHRI IDLOXUHPRGHDQG
IDLOXUHFULWHULRQRIEODVWORDGHGVWUXFWXUHV
6PRRWKHG SDUWLFOH K\GURG\QDPLFV 63+ LV D PHVKOHVV PHWKRG DQG LW ZDV LQLWLDOO\ GHYHORSHG WR VROYH
DVWURSK\VLFDO SUREOHPV >@%HFDXVH RI LWV DGDSWLYH IHDWXUH LW FDQ QDWXUDOO\ KDQGOH SUREOHPVZLWK H[WUHPHO\
ODUJHGHIRUPDWLRQ >@+RZHYHU LWV FRPSXWDWLRQDO HIILFLHQF\DQG LPSOHPHQWDWLRQRIERXQGDU\FRQGLWLRQVDUH
VWLOOQRWDVJRRGDVJULGEDVHGPHWKRGVVXFKDV)LQLWH(OHPHQW0HWKRG)(0
,QWKLVSDSHUDFRXSOHG)(063+PHWKRGZDVSURSRVHGWRVLPXODWHWKHIUDFWXUHRIF\OLQGULFDOVKHOOVXEMHFWHGWR
LQWHUQDO H[SORVLRQ 7KH F\OLQGULFDO VKHOO ZDV PRGHOHG E\ )(0 DQG WKH PRYHPHQW RI GHWRQDWLRQ SURGXFWV ZDV
PRGHOHG E\ 63+ ZKHUH WKH\ ZHUH FRXSOHG E\ SHQDOW\ FRQWDFW DOJRULWKP $ UDWHGHSHQGHQW IDLOXUH FULWHULRQ IRU
VWHHOV DW KLJK VWUDLQ UDWH FRQGLWLRQV ZDV HPSOR\HG LQ WKH VLPXODWLRQ ZKLFK ZDV SUHVHQWHG DQG YHULILHG LQ RXU
SUHYLRXV ZRUN 5HVXOWV VKRZHG WKH LQWHUDFWLRQ EHWZHHQ EODVW ZDYH DQG F\OLQGULFDO VKHOO WKH G\QDPLF FUDFN
SURSDJDWLRQDQGWKHILQLDOIUDFWXUHPRUSKRORJ\RIF\OLQGULFDOVKHOO$OVRWKHGHFRXSOHGDQDO\VLVZDVFRQGXFWHGWR
PDNHDFRPSDULVRQZLWKWKHFRXSOHG)(063+DQDO\VLV
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1XPHULFDOPRGHO
2.1. Coupled FEM-SPH analysis model 





VKHOO LV PDGH RI *%-%  VWHHO $,6,  DQG LWV IDLOXUH PRGH XQGHU EODVW ORDGLQJ LV GHHSO\ VWXGLHG LQ RXU
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:KHUHߪLV HIIHFWLYH VWUHVVߝሶLV VWUDLQ UDWH DQGܶLV PDWHULDO WHPSHUDWXUHߪ଴ߝ଴ሶ DQG ଴ܶ DUH WKH UHIHUHQFH VWUHVV
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2.3. Decoupled analysis model 
7KH GHFRXSOHG DQDO\VLV LV DOVR FRQGXFWHG LQ WKLV SDSHU WR PDNH D FRPSDULVRQ ZLWK WKH FRXSOHG )(063+
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6LPXODWLRQUHVXOWV
3.1. Blast wave-cylindrical shell interaction 
%RWK WKH FRXSOHG)(063+DQDO\VLV DQG WKHGHFRXSOHG DQDO\VLV DUH DFFRPSOLVKHGEDVHGRQ WKH VRIWZDUH/6
















)LJ%ODVWZDYHF\OLQGULFDOVKHOOLQWHUDFWLRQDW ȝVEW ȝVFW ȝVGW ȝVHW ȝVIW ȝV
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3.2. Dynamic crack propagation 










)LJ&UDFNSURSDJDWLRQDQGHIIHFWLYHVWUDLQZLWKJ717DW ȝVEW ȝVFW ȝVGW ȝV
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)LJ&UDFNSURSDJDWLRQDQGHIIHFWLYHVWUDLQZLWKJ717DW ȝVEW ȝVFW ȝVGW ȝV









FRPSDUHG ZLWK GHFRXSOHG DQDO\VLV WKH IUDFWXUH RI FRXSOHG )(063+ DQDO\VLV VKRZV D EHWWHU DJUHHPHQW ZLWK
H[SHULPHQWDO UHVXOWV ,W LV QRWHG WKDW WKH VLPXODWHG FUDFN OHQJWK DQG GHIRUPDWLRQ H[WHQW LQ FRXSOHG DQDO\VLV DUH
VPDOOHU WKDQ WKH H[SHULPHQWDO RQHV ,W FDQ EH H[SODLQHG WKDW LQ WKH H[SHULPHQW WKH F\OLQGULFDO VKHOO KDV EHHQ
H[SORVLYHO\ORDGHGVHYHUDOWLPHVEHIRUHHYHQWXDOO\UXSWXUHZLWKJ717>@
)LJXUHVDQGJLYHWKHUDGLDOGLVSODFHPHQWRIUHSUHVHQWDWLYHSRLQWZKLFKORFDWHGRQWKHRXWHUVXUIDFHRIWKH
F\OLQGULFDO VKHOO DQG WKH RSSRVLWH VLGH RI IUDFWXUH ,W FDQ EH FRQFOXGHG WKDW FRPSDUHG ZLWK FRXSOHG )(063+
















$ FRXSOHG )(063+ PHWKRG LV SURSRVHG WR VLPXODWH WKH IUDFWXUH RI F\OLQGULFDO VKHOO VXEMHFWHG WR LQWHUQDO
H[SORVLRQ7KH)(0DQG63+DUHFRXSOHGE\SHQDOW\FRQWDFWDOJRULWKPZKHUHWKHFRQWDFWVWLIIQHVVLVGHWHUPLQHG
EDVHG RQ VWDELOLW\ FRQVLGHUDWLRQV WDNLQJ LQWR DFFRXQW JOREDO WLPHVWHS DQG QRGDOPDVVHV%\ HPSOR\LQJ WKH UDWH
GHSHQGHQW IDLOXUH FULWHULRQZKLFKZDV SURSRVHG LQ RXU SUHYLRXVZRUN WKH G\QDPLF FUDFN SURSDJDWLRQ DQG ILQLDO
IUDFWXUHPRUSKRORJ\RIF\OLQGULFDOVKHOODUHVXFFHVVIXOO\FDSWXUHG
,W LV IRXQG WKHFRXSOHG)(063+PHWKRGFDQZHOOKDQGOH WKHFRPSOLFDWHG)6,SUREOHPZKLFK LQFOXGLQJ ORFDO
ODUJH GHIRUPDWLRQV DQG UXSWXUHV &RPSDUHGZLWK GHFRXSOHG DQDO\VLV WKH IUDFWXUH RI FRXSOHG )(063+ DQDO\VLV
VKRZV D EHWWHU DJUHHPHQW ZLWK H[SHULPHQWDO UHVXOWV ,Q DGGLWLRQ WKRXJK WKH RYHUSUHGLFWHG H[SORVLYH ORDGV LQ
GHFRXSOHGDQDO\VLVFDXVHDVHYHUHUEXOJLQJGHIRUPDWLRQRIF\OLQGULFDO VKHOOEXW WKH ILQLDO IUDFWXUH LVVPDOOHU WKDQ
WKDWRIFRXSOHG)(063+DQDO\VLV








>@ ' .LP -- <RK 3UHGLFWLYH PRGHO RI RQVHW RI SLSH IDLOXUH GXH WR D GHWRQDWLRQ RI K\GURJHQ±DLU DQG K\GURFDUERQ±DLU PL[WXUHV
,QWHUQDWLRQDO-RXUQDORI+\GURJHQ(QHUJ\
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